Key words iridoid; secoiridoid; physical data; spectral data; plant source; bioactivity Chem. Pharm. Bull. 57(8) 765-796 (2009) 6.22 (dd, 6.0, 1.5, H-3), 5.06 (dd, 6.0, 3.4, H-4), 2.70 (m, H-5), 3.94 (dd, 7.2, 3.6, H-6), 4.08 (d, 7.2, H-7), 2.63 (dd, 9.9, 3.6, H-9), 4.32 (d, 12.0, H-10), 5.06 (d, 12.0, H-10), 4.75 (d, 7.8, H-1Ј) 4.35 (s, H-6), 3.66 (s, H-7), 2.62 (d, 9.2, H-9), 1.81 (s, H 3 -10), 5.37 (d, 8.0, H-1Ј), 4.07 (t, 8.4, H-2Ј), 4.22 (t, 8.8, H-3Ј), 4.14 (m, H-4Ј), 3.97 (dd, 5.2, 2.4, H-5Ј), 4.89 (dd, 12.0, 2.3, H-6Ј), 4.83 (dd, 12.0, 5.2, H-6Ј), 8.02 (d, 8.4, H-2Љ, 6Љ), 7.12 (d, 8.4, H-3Љ, 5Љ), 6.79 (d, 12.8, H-7Љ), 5.92 (d, 12.8, H-8Љ); .1 (C-5), 76.6 (C-6), 48.3 (C-7), 73.4 (C-8), 55.5 (C-9), 21.4 (C-10), 100.4 (C-1Ј), 74.0 (C-2Ј), 76.1 (C-3Ј), 69.9 (C-4Ј), 76.8 (C-5Ј), 61.6 (C-6Ј), 101.0 (C-1Љ), 73.6 (C-2Љ), 76.5 (C-3Љ), 70.4 (C-4Љ), 77.0 (C-5Љ), 60.9 (C-6 Љ). Ajuga remota (Labiatae). 
This is the third part of a review 1, 2) and is mainly a compilation of new iridoids and secoiridoids reported in the literature during mid 2005-2008 as well as a highlight of biological and pharmacological activity of iridoids and secoiridoids published in the said period. The earlier parts of the review 1, 2) discussed the new naturally occurring iridoids and secoiridoids reported during 1994-mid 2005 as well as biological and pharmacological activities published in the said period.
Iridoids and secoiridoids are useful phytochemicals in a number of folk medicinal plants and many of them possess significant biological and pharmacological activities. Some of them are chemotaxonomically useful as markers of genus in various plant families. The main aim of this review is for rapid identification of isolated iridoids and secoiridoids by comparison of spectral data as well as to highlight the importance of this class of phytochemicals as pharmaceutical raw materials in the design of several synthetic potent drugs and formulations of herbal drugs.
A number of review articles on plant iridoids and secoiridoids are available. Earlier compilation of plant iridoids and secoiridoids reported upto 1993 is provided in four review articles. [3] [4] [5] [6] Iridoids and secoiridoids are listed in Table 1 in a fashion similar to that of earlier reviews. 1, 2) All the compounds are arranged in six groups. Group 1 contains iridoid glycosides with an eight carbon skeleton; Group 2 contains iridoid glycosides with a nine-carbon skeleton and is further divided in to subgroups depending on whether the ninth carbon is attached to C-4 (Group 2a) or C-8 (Group 2b); Group 3 contains iridoid glycosides with ten-carbon skeletons and divided into subgroups; Group 4 contains secoiridoid glycosides; Group 5 contains iridoid aglycones and derivatives and Group 6 contains bis-and tetrakis-iridoid glycosides. The available data for each compound were listed in the following order: name; structure; molecular formula; calculated molecular weight as per atomic weight of most abundant isotopic C-NMR (spectrometer frequency, solvent); chemical shifts (in d, ppm, starting with C-1 and listed in order) with assignments; plant source (family); reference(s). The 1 H-NMR data have been rounded to the second decimal point and the 13 C-NMR data to the first decimal point. Assignment with the same superscript may be interchanged. Data for the derivatives were not listed unless the derivative rather than the free compound isolated in free state.
Numbering of the iridoid or secoiridoid skeleton and of the most common functionalities is given in Fig. 1 . The sugar or substituent on the C-1 carbon of the aglycone moiety is given the single prime (Ј) designation, while other substituents are designated as double prime (Љ), triple prime (ٞ), etc., according to their substitution position on the main iridoid or secoiridoid skeleton, except in cases of substituents on other substituents. The designation of substituents on other substituents is done by succeeded primes; for instance , a p-coumaroyl unit on sugar unit at C-1 will be designated as double prime and a sugar unit on p-coumaroyl unit will be designated as triple prime (e.g., 1d). For bis-and tetrakis-iridoids, the monomeric units are designated as units a,b,c, and d and these units are numbered as per usual numbering. Cinnamoyl, coumaroyl, caffeoyl, feruloyl, isoferuloyl groups are in trans configuration unless otherwise indicated. Some abbreviations used in representation of structures are: Glc: b-D-glucopyranosyl; Rha: a-L-rhamnopyranosyl; Me: methyl; OMe: methoxy. Suspected errors in a numbering of a monomeric unit and in multiplicity of proton coupling were corrected if there was some ambiguity in the numbering or multiplicity of proton coupling for a particular compound was observed. All the compounds in Table 1 are alphabeti- 13 C-NMR (75 MHz, CD 3 OD): 96.5 (C-1), 141.7 (C-3), 106.7 (C-4), 39.9 (C-5), 80.5 (C-6), 67.2 (C-7), 84.5 (C-8), 44 .6 (C-9), 66.6 (C-10), 101.3 (C-1Ј), 75 .7 (C-2Ј), 79.6 (C-3Ј), 72 .3 (C-4Ј), 80 .0 (C-5Ј), 63.6 (C-6Ј), 136.6 (C-1Љ), 130.9 (C-2Љ, 6Љ), 130.1 (C-3Љ, 5Љ), 132.4 (C-4Љ), 119.6 (C-7Љ), 147.5 (C-8Љ). Globularia alypum (Globulariaceae). 7) 9. 6,7-Dehydro-8-acetylharpagide C 17 
6-O-Caffeoylharpagide
C 24 78 .0 (C-5Љ), 61.9 (C-6Љ). Clerodendrum chinense (Verbenaceae). 13) 3.53 (dd, 8.7, 8.7 , H-4Ј), 2.9 (m, H-5Ј), 3.32 (dd, 11.7, 8.7 , H-6Ј), 3.84 (dd, 11.7, 1.9, H-6Ј); 
6Ј-O-

15.
6,8-Diacetylharpagide-1-O-b-(2Ј,3Ј-di-O-acetylglucoside)
C 23 80 .4 (C-5), 80.1 (C-6), 128.2 (C-7), 147.3 (C-8), 51.7 (C-9), 61.0 (C-10), 98.3 (C-1Ј), 74.9 (C-2Ј), 78.5 (C-3Ј), 71.7 (C-4Ј), 77.3 (C-5Ј), 62.8 (C-6Ј), 99.7 (C-1Љ), 73.4 (C-2Љ), 78.7 (C-3Љ), 69.1 (C-4Љ), 78.0 (C-5Љ), 61.9 (C-6Љ), 127.6 (C-1ٞ), 133.8 (C-2ٞ, 6ٞ), 115.9 (C-3ٞ, 5ٞ), 160.2 (C-4ٞ), 144.8 (C-7ٞ), 116.9 (C-8ٞ), 168.1 (C-9ٞ). Stachys lanata (Labiatae). 50 (d, 9.3, H-9), 1.52 (s, H 3 -10), 3.73 (s, OMe), 4.73 (d, 7.9, H-1Ј), 3.34-3.20 ( H-2Ј, 4Ј, 3Љ, 4Љ, 5Љ),  3.37 (t-like, 9.0, H-3Ј), 3.50-3.55 (m, H-5Ј), 4.19 (dd, 12.1, 1.7, H-6Ј), 3.69 (dd, 12.1, 5.2, H-6Ј), 4.33 (d, 7.6, H-1Љ),  3.16 (dd, 8.6, 7.6, H-2Љ), 3.64 (dd, 11.8, 5.7, H-6Љ), 3.86 (dd, 11.8, 1.9 , H-6Љ); 83 (s, H-1), 7.43 (s, H-3), 2.54 (dd, 14.8, 8.2, H-6), 1.81 (dd, 14.8, 11.2, H-6), 4.18 (dd, 11.1, 8.2, H-7), 2.50 (s,  H-9), 1.03 (s, H 3 -10), 3.75 (s, OMe), 4.61 (d, 7.9, H-1Ј), 3.19 (t, 9.1, H-2Ј), 3.38 (t, 8.9, H-3Ј), 3.33 (t, 8.9, H-4Ј 
28.
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Group 3c (Iridoid glycosides with 10-carbon skeleton, plumeria H-13), 1.54 (m, H-13), 2.95 (m, H-14), 3.53 (m, H-15), 1.96 (m, H-16), 1.56 (m, H-16), 2.48 (m, H-17), 2.36  (m, H-17), 2.33 (m, H-18), 1.08 (d, 6.8, H 3 -19, 20), 4.72 (d, 11.6, H-21), 4.38 (d, 11.6, H-21 49 (d, 1.5, H-1), 7.53 (s, H-3), 3.05-3.11 (m, H-5) , 1,61-1.74 (m, H 2 -6), 3.83 (ddd, 10.0, 2.5,  1.5, H-7), 4.32 (ddd, 10.0, 9.0, 3.0, H-7 68 (d, 8.0, H-1Ј), 3.19-3.40 (H-2Ј), 4.38-4.41 (H-3Ј), 3.19-3.40 (H-4Ј, 5Ј), 3.51-3.65 (H 2 -6Ј), 4.51 (d,  8.0, H-1Љ), 3.19-3.40 (H-2Љ-5Љ ), 3.51-3.65 (H 2 -6Љ); Neopicrorhiza scrophulariiflora (Scrophulariaceae). 19) 138. Piscrocin Neopicrorhiza scrophulariiflora (Scrophulariaceae). 19) 139. Crescentia alata (Bignoniaceae). 63) 145. 6b,7b,8a,10-Tetra-p-hydroxybenzoyl-cis-2-oxabicyclo [4.3.0] 64) This revised structure was not in agreement with vibrational CD spectra. 65) Prismatomeris tetrandra (Rubiaceae). 65, 66) 18 (d, 3.3, H-1), 5.08 (s, H-3 C-4Ј, 5Ј) . Patrinia rupestris. 68) 154. 8 58) cally listed in Table 2 .
2Ј-O-(3Љ-
150.
In spite of exhaustive efforts, some new iridoids and secoiridoids may be omitted in the list because of non-availability of the published papers and hence this review should not be used as the only source of new iridoids and secoiridoids reported during the period (2005-2008) of the review.
Biological and Pharmacological Activity of Naturally Occurring Iridoids and Secoiridoids
At present a good number of plant extracts containing iridoids/secoiridoids as chemical constituents are used in preparation of bitter tonics, sedatives, febrifuges, cough medicines, anti-inflammatory, antirheumatic, antiulcer, hypo and Fig. 2 hypertensive drugs formulations. This fact encouraged for extensive study of different bioactivities of the isolated iridoids, secoiridoids and other phytochemicals from these plant extracts. The biological study on this class of compounds revealed that these compounds exhibit a wide range of bioactivity. In the present review only the pharmacological or biological activities of pure iridoids and secoiridoids published during mid 2005 to 2008 are highlighted. a. Antibacterial Activity The roots of Patrinia rupestris have long been used as Chinese folk medicine for treatment of enteritis, appendicitis and hepatitis. 74) To find out the bioactive principles from the root of this plant, Yang et al. isolated several iridoids and evaluated their antibacterial activities. Out of them, two iridoids namely, rupesins C (160) and D (161) showed significant antibacterial activities against Bacillus subtilis, Escherichia coli and Staphylococcus aureus at a concentration of 100 mg/ml with inhibition zones of 13-20 mm in diameter in cup-plate assay method. 68) b. Antifungal Activity Iridoid glycoside, 6b-hydroxy-7-epigardoside methyl ester (114) isolated from Brazilian Rubiaceae plant, Alibertia edulis showed moderate antifungal activity against Candida albicans and C. krusei with an MIC value of 125 mg/ml in a dilution assay method. 54) c. Anticancer Activity The leaves of evergreen shrub, Prismatomeris tetrandra of temperate areas of Bangladesh and ajoining areas of India have been used in treatment of several ailments like stomachaches and poultices of fresh wounds. 75) Phytochemical investigation afforded several iridoids. Among the isolated iridoids, prismatomerin (151) showed remarkable antitumor activity against four mammalian cancer cell lines. L-929 (murine connective tissue), KB-3-1 (human cervix carcinoma), A-549 (human lung carcinoma) and SW-480 (human colon adenocarcinoma) with IC 50 values of 0.21, 0.41, 1.41 and 0.06 mM, respectively in in vitro sulforhodamine B (SRB) protein assay method. 66) This compound also showed cell killing effect in solid tumor cell lines like renal cancer (A 498), prostrate cancer (PC-3) and breast cancer (MCF 7) with LC 50 values in the range of 100 to 0.6 mM. 66) Morroniside (173) a C 10 -iridoid glucoside isolated from Lonicera spp. prevented significantly hydrogen peroxide (H 2 O 2 ) induced apoptosis in human neuroblastoma SH-SY5Y cells at a concentration of 1-100 mM by elevation of cellular glutathione (GSH) levels. 76) Aucubin (174) isolated from the leaves of Aucuba japonica inhibited human lung cancer (A-549) cell line by blocking the cell cycle progression in the G(0)/G(1) phase and inducing apoptosis. An enzyme linked imnunosorbent (ELISA) assay showed that the G(0)/G(1) phase arrest was possibly due to p53-mediated induction of p21. 77) 8-O-(p-Coumaroyl)-harpagide (175) of Harpagophytum procumbens showed moderate inhibition activity against respiratory raw 264.7 macrophage cell line with an IC 50 value of about 32 mM in chemiluminescence assay method. Phorbol 12-myristate 13-acetate (PMA) was applied as triggering agent and chemiluminescence was measured with luminal.
11)
It may be noted that the dried tubers of the plant are traditionally used as a folk medicine for treatment of skin cancer, allergics, rheumatism and arthritis. 78) d. Anticardiac Activity The roots of Scrophularia ningpoensis have been used as a famous herbal medicine in China for the treatment of hypertension, inflammation, dry cough, pharyngitis and pulmonary tuberculosis. 79) From the 60% ethanol extract of the roots of this plant several iridoid and aromatic glycosides have been isolated and their activity on the regulation of Ca 2ϩ ion concentration on rat cardiac myocytes was evaluated. It was observed that iridoid glycosides (11, 176, 177) significantly inhibited the increase of Ca 2ϩ ion induced by KCl at 100 mM. This study indicates that these iridoids might contribute to prophylactic and therapeutic effects on myocardial damage through accumulation of Ca 2ϩ ions. 12) e. Anti-coagulant Activity The iridoid diglycoside (78) isolated from the bark of Adina polycephala showed potent in vitro inhibitory activity against the release of b-glucuronidase in rat polymorphonuclear leukocytes induced by platelet-activating factor (PAF) with an inhibitory rate of 44.8% at a concentration of 10 Ϫ5 M. At the same concentration, the positive control, ginkgolide B gave an inhibition rate of 78.8%. Hence the use of this plant in treatment of inflammatory diseases is justified. 43) f. Anti-inflammatory Activity The anti-inflammatory potency of seven iridoid glucosides namely, aucubin (174), catalpol (178), gentiopicroside (179), swertiamarin (180), geniposide (181), geniposidic acid (182) and loganin (183) was investigated with in-vitro testing model systems on inhibition of cyclooxygenase (COX)-1/2 enzymes, the tumor necrosis factor (TNF-a) formation and nitric oxide (NO) production. No single iridoid glucoside exhibited any activities. b-Glucosidase hydrolysis product of the iridoids showed inhibitory activities of different potenties, depending on their chemical structures. The hydrolysed (H)-geniposide and Hloganin exhibited high inhibitory potencies on COX-1 with IC 50 values of 3.55 and 5.37 mM, respectively. The H-aucubin showed a moderate inhibition on COX-2 with IC 50 of 8.83 mM but much less inhibition on COX-1 (IC 50 , 68.9 mM). In addition, H-aucubin only exhibited suppressive activities on both NO production and TNF-a formation with IC 50 values of 14.1 and 11.2 mM, respectively. Genipin, an aglycone form showed no inhibitory effects on all the testing models, suggesting that possibly the enzymatic hydrolysis of the glycosidic bond of iridoid glycoside is a pre-requisite step to produce various biological activities. 80) The Brazilian popular tree, Tabebuia avellanedae is used as anti-inflammatory medicine in Latin America. Its water extract of the inner bark showed inhibitory activity on NO production in lipopolysaccharide (LPS)-activated J 774.1 macrophage-like cells with an IC 50 value of 64.7 mg/ml. To find out the bioactive principle from the water extract, fifteen compounds were isolated. Among the isolated compounds, four iridoids (134, 184-186) showed potent NO inhibitory activity (IC 50 values in the range of 13.8-26.1 mg/ml) compared to that of the positive control N G -monomethyl-L-arginine (L NMMA; IC 50 , 27.4 mg/ml). 60) This result corroborated the traditional use of this plant as an anti-inflammatory medicine.
g. Antioxidative Activity Secoiridoid, verbenabraside A (127) isolated from Japanese wild plant, Verbena brasiliensis exhibited stronger radical scavenging effect on 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical than that of standard antioxidant, a-tocopherol at the same concentration of 0.02 mM in 0.1 M acetic acid buffer (pH 5.5) solution in spectrophotometric assay at 517 nm. 57) Iridoid, ajugoside C (187) isolated from Sideritis perfoliata L. subsp. perfoliata of Greek origin exhibited weak antioxidative effect on DPPH radical in the range of 6.3-23.6% at a concentration of 0.1 mM in spectrophotometric assay method. 81) h. Anti-protozoal Activity Iridoids, epoxygaertneroside (188), methoxygaertneroside (189), gaertneroside (190), acetylgaertneroside (191) and gaertneric acid (192) isolated from 80% methanolic extract of Morinda morindoides leaves showed significant antiamoebic activity against Entamoeba histolytica with IC 50 values of 1.3, 2.3, 4.3, 5.4 and 7.1 mg/ ml, respectively. All these iridoids were devoid of any cytotoxic effect against MT-4 cells at the highest test concentration of 250 mg/ml.
82)
i. Hepatoprotective Activity The Chinese plant, Neopicrorhiza scrophulariiflora is used in traditional Chinese medicine for treatment of damp-heat dysentery, jaundice and steaming of bone. 83) The ethanol extract of this plant had been shown to possess hepatoprotective activities against carbon tetrachloride (CCl 4 ), thioacetamide and acetaminopheninduced liver damage in mice. 84) Bioassay guided analysis of n-BuOH portion from the ethanol extract of this plant led to the isolation of thirteen non-glycosidic iridoids and iridoid glycosides. Study of the hepatoprotective activity of these iridoids on CCl 4 -induced mice hepatocytes damage in vitro indicated that piscroside B (26), picroside II (193), picroside I (194), and picroside III (195) exhibited potent hepatoprotective effects with IC 50 values of 7.3, 4.7, 8.3 and 5.9 mM, respectively. It was also observed that iridoids with a glycosidic linkage at C-1 were less active than those non-glycosidic iridoids. These observations revealed that major iridoid glycosides are probably the pro-drugs and those non-glycosidic iridoids derived from the parent compounds are the pharmacophores. 57) j. Neuroprotective Activity Catalpol (178) contained richly in the roots of Rehmannia glutinosa was found to be of neuroprotection in Mongolian gerbils subjected to transient global cerebral ischemia. Catalpol at a dose of 1 mg/kg body wt intraperitoneally (i.p.) used immediately after reperfusion and repeatedly at 12, 24, 48 and 72 h significantly rescued neurons in hippocampal CA1 subfield and reduced working errors during behavioral testing. The neuroprotective efficacy of catalpol became more evident when the doses were increased to 5 and 10 mg/kg body weight. This neuroprotective efficacy of catalpol became weak when catalpol was given at 6 h after ischemia. This neuroprotection of catalpol was seen in a long post-ischemic period (35 d) . All these findings indicated that catalpol might be of therapeutic value for the treatment of global cerebral ischemia. 85) Catalpol (178) also showed significant neuroprotective efficacy in memory damage of mice induced by subcutaneous injection of d-galactose (150 mg/kg body weight) for six weeks and application of catalpol in the dose range of 2.5-10 mg/kg body weight for the last two weeks. The brain damage and pathological alternations were measured by hematoxylin and eosin (HE) staining. It was observed that the activities of glutathione S-transferase (GSH-ST), glutathione synthetase (GS) and creative kinase (CK) were decreased while the activity of lactate dehydrogenase (LDH) was increased in aging mice brain cortex. This result indicates that catalpol might be useful for the study of neurodegenerative diseases such as Alzheimer's disease and Parkinson's disease. 86) Catalpol also exhibited neuroprotective effect on 1-methyl-4-phenylpyridinium (MPP ϩ )-induced oxidative stress in cultured mesencephalic neurons especially dopaminergic neurons in a dose-dependent manner. 87) Catalpol also protected the H 2 O 2 -injured astrocytes which have critical role in the brain for neurodegenerative disorders. Possibly this iridoid protected them by reducing intracellular ROS formation. 88) (E)-Harpagoside (177) and 8-O-(E)-p-methoxycinnamoyl harpagide (196) isolated from Scrophularia buergeriana exerted potent cognitive-enhancing activity in scopolamine induced amnestic mice at a dose of 2 mg/kg body weight, per os (p.o.). Donepezil, an acetylcholinesterase inhibitor and most widely used drug for Alzheimer's disease treatment was employed as positive control. The activity of acetylcholinesterase was inhibited significantly by both (E)-harpagoside and 8-O-(E)-p-methoxycinnamoyl harpagide (MCA-Hg) within the cortex and hippocampus to a level similar to that observed in mice treated with donepezil (2 mg/kg body weight, p.o.). The treatment with (E)-harpagoside or MCAHg to scopolamine-induced amnestic mice also significantly decreased TBARS level. Thus this cognitive-enhancing activity of the iridoids was possibly took place through both antiacetylcholinesterase and anti-oxidant mechanisms. 89) k. Antinociceptive Activity Monotropein (197) isolated from the roots of Morinda officinalis significantly contributed to antinociceptive activity by reducing streching episodes in mice in hot plate and writhing assays at a dose of 20 and 30 mg/kg body weight p.o. 90) 
